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Computerized photo- 
plethysmography of the 
finger 

A microcomputer system for studying photo-plethysmography 
o f  the finger (PPF) was designed and applied to 50 non- 
premedicated healthy boys (one to ten years old) undergoing 
general anaesthesia (halothane in 700/0 NeO, with mechanical 

ventilation)for outpatient inguinal hernia repair. The purpose 
o f  this study was to assess the accuracy o f  computerized es- 
timations of  the photo-plethysmographic (arterial waves) am- 
plitude and to evaluate whether or not PPF allows discrim- 
ination between two different surgical stimuli (skin incision, 

and manipulation o f  the spermatic cord). When anaesthesia was 
stable for at least fwe minutes (end-tidal halothane = L25- L5%; 

PETCO 2 = 32-38 mmHg; SpOe >-- 98%; rectal temperature = 
36.3-37~ ambient operating room temperature = 20-21~ 
and immediately before the skin incision, computerized esti- 
mations o f  the photo-plethysmographic (arterial waves) ampli- 
tudes (PPA) were recorded and saved for later comparison with 
direct (manual) measurements o f  the plethysmographic tracing, 

using an arbitrary scale o f  0-255 units. Also, the values o f  
PPA, systolic blood pressure, and pulse rate recorded imme- 
diately before the skin incision were later compared with the 
maximum changes in these same values recorded 30-90 sec 
after skin incision, and 30-90 sec after manipulation (traction 
+ dissection) o f  the spermatic cord. Six boys (three to ten years 
old) stayed quiet enough, during induction o f  anaesthesia by 
mask, to allow regression analysis o f  PPA, systolic blood pres- 
sure, and pulse rate (Y) on end-tidal halothane / 70% NeO (X). 

Computerized estimations tended to give a higher reading, by 
between 0.2 to 0.8 units, than direct measurements. Spearman 
and Kendall corrrelations showed that computerized and direct 
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measurements were associated (P < 0.0001), the Kolmogorov- 
Smirnov's test revealed that the two distributions were identical 
(P = 1), the mean difference between computerized and direct 
estimations o f  the PPA was 0.52 +_ 1.08 units, and the limits 
o f  agreement (-L6 and 2.6 units) were small enough to be 

confident that computerized (automatic') estimations o f  PPA 
can be used for clinical purposes. Skin incision caused a smaller 
decrease o f  PPA (24%) than manipulation o f  the spermatic 
cord (37%). Changes in PPA were more pronounced than 
changes in systolic blood pressure or pulse rate (P < 0.05). 
Linear regressions and Fisher's exact test (two-tailed) showed 
that, during induction o f  anaesthesia with halothane in 70% 
N20 by mask (n = 6), changes in end-tidal halothane con- 
centration were related more to changes in PPA than to changes 
in systolic blood pressure and/or in pulse rate (P < 0.05). 
In conclusion, computerized PPF allows discrimination be- 

tween two different surgical stimuli, provides quantification o f  
the sympathetic response to preoperative anxiety, and may be 

useful for studying pre-anaesthetic sedation. 

Les auteurs dOcrivent un systbme informatisd qui permet d~tu- 
diet la photo-plOthysmographie digitale (PPD) et l'utilisent chez 

50 garcons (de un h dix ans; stade physique I de la classification 
ASA; non-prOm~diquOs) ayant OtO anesthesias (avec de l'halo- 
thane dans 70% N20, sous respiration mOcanique) pour her- 
niotomie inguinale en r~gime ambulatoire. Le but de cette Otude 

Otait de determiner l'exactitude des valeurs de l'amplitude 
photo-pl~thysmographique (ondes artOrielles) calcul#es par lbr- 
dinateur et d~valuer dans quelle mesure la PPD permet de 
distinguer la r~action sympathique ~ deux stimuli chirurgicaux 

diffOrents (incision de la peau et manipulation du cordon sper- 
matique). Lorsque l'anesth~sie Otait stable pendant au moins 

cinq minutes (halothane alvOolaire -- 1,25-1,5%; CO 2 alv~olaire 
= 32-38 mmHg; SpO e >_ 98%," temperature rectale = 
36,3-37~ temperature de la salle dbpOrations -- 20-21~ 
et immOdiatement avant l'incision de la peau, on a enregistr~ 
les valeurs des amplitudes photo-pl~thysmographiques (APP) 
calculOes par l'ordinateur et, ult~rieurement, ces amplitudes ont 
~t~ comparOes avec les m~mes amplitudes mesurOes directement 
sur le trac~ plOthysmographique. Une Ochelle arbitraire, de 
0-255 uniMs, fut  utilis~e. D'autre part, les valeurs de I'APR 
de la pression artdrielle systolique et de la fr~quence du pouls 
enregistrdes imm~diatement avant l'incision de la peau furent 
comparOes avec les mSmes valeurs obtenues 30-90 sec aprbs 
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l'incision de la peau et avec celles qui ont Ot~ enregistr~es 30-90 
sec aprbs la manipulation (traction + dissection) du cordon 
spermatique. Six enfants (de trois gt dix ans) sont rest~s suf- 
fisamment immobiles, pendant l'induction de l'anesth~sie au 
masque, pour permettre d~tudier la r~gression de I'APR de 
la pression art~rielle systolique et de la frOquence du pouls (Y) 
sur les concentrations alv~olaires d~alothane/70% N20 (X). 
Les calculs de l'APP faits par l'ordinateur tendaient ?t donner 
des lectures plus ~lev~es, de 0,2 71 0,8 unitOs, que celles ~ffectu~es 
manuellement gl partir de pl~thysmogrammes imprimOs. Les 
corrOlations de Spearman et de Kendall ont montr~ que les 
deux types de mesures ~taient associ~s (P < 0,0001), le test 
de Kolmogorov-Smirnov a confirm~ que les deux distributions 

Otaient identiques (P = 1), la diffOrence moyenne entre lectures 
informatis~es et lectures directes (manuelles) ~tait de 0,52 • 
1,08 unit~s, et les limites de concordance (-1,6 et 2,6 unit~s) 

~taient suffisamment petites pour confirmer que les lectures par 
ordinateur peuvent Stre employees gt des fins cliniques. L'in- 
cision de la peau produisit une diminution significative de I'A PP 
(24%); cette diminution fut  cependant moindre que celle qui 
a ~t~ v~rifiOe aprbs mainpulation du cordon spermatique (37%). 
Les variations de I'APP furent toujours plus nettes que celles 
de la pression art~rielle systolique et/ou que celles de la 
fr~quence du pouls (P < 0,05). Les r~gressions linOaires et le 
test de Fisher ont montr~ que, pendant l'induction de l'anesth- 
~sie avec de l~alothane/70% N20 au masque (n = 6), les va- 
riations de la concentration alv~olaire d~alothane correspon- 
daient davantage aux variations de I'APP qu'aux variations 
de la pression art~rielle systolique et/ou qu'aux variations de 
la fr~quence du pouls (P < 0,02). En conclusion, la PPD in- 

formatis~e permet de faire la distinction entre la r~ponse sym- 
pathique h l'incision de la peau et celle qui est relike aux ma- 

nipulations du cordon spermatique. Elle permet aussi de 
quantifier la rkponse sympathique gl l'anxi~t~ pr~-op~ratoire et, 
par consequent, elle s'avbre trbs utile pour quantifier le d~gr~ 
de sOdation pr~-anesth~sique. 

Photo-plethysmography of the finger (PPF) was first de- 
scribed by Hertzman and Spealman (1937). t The basic 
principle of PPF is simple. 2-3 A small red/infrared light 
(660-940 nm) and a photo-sensitive detector are attached 
to a fingertip either in the reflexion or in the transmission 
mode (Figure 1). The emitted light is partly absorbed 
in the solid tissues (skin, connective tissue and bone), 
and in the circulating blood, as well as reflected by the 
erythrocytes and the vessel walls. Another part of the 
emitted light emerges through the skin and is sensed by 
the photodiode detector. This detected light pulsates syn- 
chronously with pulsations of the cutaneous vascular bed. 
Light pulsations are then electronically converted to am- 
plified voltage pulsations corresponding to the heart beat. 
This pulsating AC signal is continuously displayed on 

AAAA Lightemi~ingdkx:le ~" I ~  ; U U U ~- 
A " - - ' - - " ~ 1 "  411~;q~"~ ~ b s o r p t i o n ,  retlexion I ) N_..~/~ Vasodilatation 

o, the / " " 
emitted light ~ ~ ~ ~. 

Vasoconstriction 
Photediode (detector) J T 

FIGURE 1 The photo-plethysmographic transducer: R = reflexion 
mode; T = transmission mode. 

FIGURE 2 Configuration of the equipment for studying photo- 
plethysmography of the finger. 

an oscilloscope (Figure 2). Photo-plethysmography of the 
finger can be used during anaesthesia to monitor changes 
in the pulse rate and to detect haemodynamic disturb- 
ances. 3 4 Changes in the respiratory waves of the photo- 
plethysmogram have clinical importance because an in- 
crease in the height of respiratory waves is a sign of 
relative hypovolaemia in patients receiving positive pres- 
sure ventilation. 3,s When displayed continuously on an 
oscilloscope, PPF indicates electro-mechanical dissocia- 
tion 6 and cardiac arrhythmias. 7 Furthermore, PPF can 
be used to detect the responses of the autonomic nervous 
system to stressful situations (mental effort, apprehension, 
fear, anxiety) 8-10 and nociceptive stimulation. 8,u Finally, 
PPF may be used as an adjunct in Allen's test, 12,13 to 
evaluate sympathetic blockade and denervation of the ex- 
tremities, 14-16 and to detect arterial vasospasm. 16-17 The 
device is non-invasive, and can be applied easily and rap- 
idly in patients of any age. 
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Despite these advantages, PPF has not been applied 
universally. This may be for three main reasons: (1) un- 
familiarity; 3 (2) difficulty in finding a numerical index 
and accurate system to measure the amplitude of the 
plethysmographic pulsations; 5 (3) tendency to forget the 
advantages of PPF and to consider it as a sub-product 
of pulse oximetry. 

We have designed a microcomputer system to study 
PPE The following report introduces automatic meas- 
urement of the photo-plethysmographic amplitude, eval- 
uates whether or not PPF permits discrimination between 
two different surgical stimuli (skin incision, and man- 
ipulation of the spermatic cord) during halothane/70% 
nitrous oxide anaesthesia, and reviews the fundamental 
aspects and clinical applications of PPE 

Methods 
The configuration of the equipment for studying PPF 
is shown in Figure 2. Programmes in Pascal language 
enable the acquisition, processing and analysis of data 
are outlined in Figure 3. Area measurements were dis- 
carded from the present study. The SpaceLabs | monitor 
(Model 90602A) delivers a digital plethysmogram in an 
arbitrary scale of 0-255 units (8 bits) at a rate of 56 
Hz. The maximum value of this scale corresponds to 
( 2  8 bits) _ 1 ---- 255 units. In our system, one unit represents 
1/256 of the maximal upward or downward deflection, 
when the gain control of the SpaceLab| monitor is set 
at the sub-maximal level (level #3). The photo-plethys- 
mographic transducer was attached to the left thumb at 
the optimal application pressure (i.e., the pressure en- 
abling the highest plethysmographic tracing). Blood pres- 
sure measurements were recorded from the right arm. 
An/v cannula was inserted either in the right hand or 
in one foot, so that plethysmographic recording was not 
influenced by extraneous factors. The technical recom- 
mendations summarized in Table I were respected. The 
study was approved by The Committee on Medical 
Ethics, and informed consent was obtained from the par- 
ents. To evaluate discrimination between two different 
surgical stimuli we studied 50 non-premedicated boys, 
ASA physical status I, between one and ten years of 
age, who required outpatient inguinal hernia repair. The 
following previously calibrated monitors were used in all 
children: continuous ECG (CM-5), photo-plethys- 
mograph, and rectal temperature (SpaceLabs| monitor 
Model 90602A); blood pressure measurements with an 
automatic cuff (Dimamap| pulse oximeter, infrared 
spectroscopic 'analyzer of the end-tidal and inspired con- 
centrations of halothane and CO2 (Narkomed 4B| 
Anaesthesia was induced with halothane, nitrous oxide 
and oxygen (30%) by mask. After intravenous atropine, 
0.01 mg. kg -1, tracheal intubation was performed, with- 

PASCAL LANGUAGE PROGRAMS 

(Benoit Sauvt, and Michel Troli) 

1. Data acquisition 

Screen displayed 

(graphic + numerical) 

Saved in the hard disk 

(graphic § numericall 

tracing 

Plethysmogram amplitude 

area 

Pulse rate 

Marked events (a-z) 

tracing 

Plethysmogram amplitude 

area 

Pulse rate 

Pulse pressure 

Systolic blood pressure 

Time (0 - X seconds) 

Marked events (a-z) 

2. Data analysis 

I 
Graphic display of ] On the screen 

data acquisition I On the printer 

I 
Numerical display ] On the screen 

of saved data [ On the printer 

FIGURE 3 Outline of the options and functions available using 
Pascal language programmes. The plethysmogram tracing is displayed 
in real-time. Automatic estimations of the plethysmographic amplitude 
and area, as well as recording of other data, can be obtained every 15, 
30, 60 or 90 sec, and/or "on demand." 

out the use of muscle relaxants, under halothane 
(3.0-3.5% inspired; 2.8-2.9 end-tidal) in oxygen. Anaes- 
thesia was then maintained with halothane (1.25-1.5% 
end-tidal) in a mixture of nitrous oxide and oxygen (FIO2 
= 0.3), and mechanically controlled ventilation was ad- 
justed to maintain PETCO2 at 32-38 mmHg (4.26-5 
kPa), and peripheral oxygen saturation _> 98%. The rectal 
temperature was kept between 36.3 and 37~ (the am- 
bient operating room temperature was kept between 20 
and 21~ 

The microcomputer was set to display and store data 
every 30 sec. The minima and maxima of the arterial 
pulsations were determined by the microcomputer by 
using iterative comparisons with the signal sent by the 
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TABLE I Problems and sources of error with photo-plethysmography 
of the finger 

Problems a n d  sources o f  

error R e c o m m e n d e d  measures 

Cannot be calibrated Each patient serves as his/her own 
control 

Standardize gain control at the same 
level. 

Attach transducer to the same finger 
(left thumb) at the optimal 
application pressure.* 

Keep transducer at the heart level. 
Keep the patient normothermic. 

Individual variations in 
absorption, scattering and 
reflexion of the emitted light 

Contamination by ambient 
light 

Sensitive to motion and/or 
pressure artifacts 

Influenced by regional 
hypothermia 

Burns (neonates and small 
infants; hypotension, shock, 
intense peripheral 
vasoconstriction) 

Each patient serves as his/her own 
control. 

Standardize gain control at the same 
level. 

Attach transducer to the same finger 
(left thumb) at the optimal 
application pressure.* 

Keep transducer at the heart level. 
Keep the patient normothermic. 

Cover the hand with an opaque 
blanket. 

Protect the hand with a stiff plastic 
cover. 

Cover the hand with an opaque 
blanket. 

Keep the patient normothermic. 

Attach transducer to another finger 
every hour; avoid photo-plethys- 
mography of the finger. 

*Optimal application pressure = pressure of about 40 mmHg (5.32 
kPa) at which the amplitude of the photo-plethysmogram reaches its 
maximum (see Figure 6). 

SpaceLabs|  monitor (at a rate of 56 Hz). To insure that 
each computer  sample included a full pulse wave, the 
pulse period (1/pulse rate) was calculated from the pulse 
rate (delivered by the monitor every two seconds) and 
the sampling time was extended to the pulse period plus 
20%. This sampling time made it possible to compute 
the difference between the two extremes of a full arterial 
wave and minimized the effects of  the slow respiratory 
waves. The mean value of three successive arterial am- 
plitudes was considered as an approximation of the real 
amplitude of the arterial pulsations (recorded at the end 
of each 30 sec). 

When end-tidal halothane (1.25-1.5%) and the plethys- 
mographic tracing had been steady for at least five min- 
utes, the surgeon proceeded to skin incision. The values 

of  the photo-plethysmographic amplitude recorded im- 
mediately before the skin incision were later compared 
with the same values obtained by direct measurement 
of  the plethysmographic tracing. For this purpose, we 
used the data analysis programme (Figure 3). The 
plethysmogram tracing was frozen immediately before the 
event marking out the skin incision. This frozen screen 
image was then printed on paper and manual (direct) 
readings of the plethysmographic amplitude were made 
by a non-blinded measurer, using a Digimatic| calliper 
(Mitutoyo Corporation, Model 500-321; resolution -- 
0.01 mm). The mean amplitude of three successive ar- 
terial waves was calculated. Each mean amplitude value 
was finally converted to the units scale using the factor 
of  6.22 (1 m m  = 255 units/41 mm). 

The values of the photo-plethysmographic amplitude, 
systolic blood pressure, and pulse rate recorded imme- 
diately before skin incision were later compared with the 
maximum changes in these same values recorded 30-90 
sec after the skin incision, and 30-90 sec after manip- 
ulation (traction + dissection) of the spermatic cord. 

Six boys (three to ten years old) stayed quiet enough, 
during induction of anaesthesia, to allow regression anal- 
ysis of photo-plethysmographic amplitude, systolic blood 
pressure, and pulse rate (Y) on end-tidal halothane/70% 
nitrous oxide (X). 

Comparisons between computerized and direct (man- 
ual) measurements were made using Spearman and Ken- 
dali's Tau rank correlations, the Kolmogorov-Smirnov 
two-samples test, regression analysis with ANOVA, 18 and 
the method proposed by Bland and Altman. 19 Changes 
related to anaesthesia induction, skin incision, and man-  
ipulation of the spermatic cord, were analyzed using re- 
gression analysis, Fisher's exact test (two-tailed), ANOVA 
for repeated measures followed by the Tukey multiple 
comparisons test, and Mann-Whitney rank-sum test 
(two-tailed) with the Bonferroni correction to make pair- 
wise comparisons, where appropriate. A P value of < 
0.05 was considered statistically significant. 

Results 
Demographic data (mean + SD) were the following: age 
(yr) = 4.6 + 2.7 (1-10); end-tidal halothane in 70% N20 
(%) = 1.3 + 0.09 (1.25-1.5); end-tidal CO2 (mmHg)  = 
34 + 1.9 (32-38); SpO2 (%) = 98.7 + 0.7 (98-100); rectal 
temperature (~ = 36.6 + 0.17 (36.3-37). 

The Spearman and Kendall correlations showed that 
computerized and direct estimations of the arterial wave 
amplitudes were associated (P < 0.0001). The 
Kolmogorov-Smirnov's test revealed that the two distri- 
butions were identical (P  = 1). The prediction formula 
obtained from regression analysis (C = 0.396 + 1.0009 
D) showed that computerized measurements (C) were 0.4 
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or less % higher than direct measurements (D) if direct 
estimations were _> 137 units (median), and did not ex- 
ceed an 8% difference if the directly measured amplitudes 
were equal to five units. The mean difference between 
computerized and direct estimations of the photo-plethys- 
mographic (arterial waves) amplitude was 0.52 + 1.08 
units, with 95% confidence interval 0.2 to 0.8. Thus, com- 
puterized estimations tended to give a higher reading by 
between 0.2 and 0.8 units. The limits of agreement (-1.6 
and 2.6) were small enough, on a scale of 0-255 units, 
to be confident that computerized measurements can be 
used for clinical purposes. 

Skin incision and manipulation of the spermatic cord 
caused decreased photo-plethysmographic amplitude and 
increased systolic blood pressure and pulse rate. These 
changes were more pronounced 30-90 sec after spermatic 
cord manipulation than 30-90 sec after skin incision (P 
< 0.05). Changes in photo-plethysmographic amplitude 
were always more evident than changes in pulse rate and 
systolic blood pressure (Figure 4). Linear regressions fol- 
lowed by the Fisher's exact test (two-tailed) showed that, 
during induction of anaesthesia with halothane in 70% 
N20 (n = six boys), changes in end-tidal halothane con- 
centration were related more to changes in photo-plethys- 
mographic amplitude than to changes in systolic blood 
pressure and/or in pulse rate (P < 0.05). 

Discussion 
The photo-plethysmographic tracing comprises two wave 
forms: (1) rapid or "arterial waves" synchronous with the 
heart beat; and (2) slower or "respiratory waves" caused 
by ventilation dependent changes in intrathoracic pres- 
sure 3,4,7 (Figure 5). During general anaesthesia, the am- 
plitude of the rapid arterial waves is inversely related to 
the degree of sympathetic stimulation of the smooth mus- 
cle of the finger arterial bed. 3,5,11 Constriction of the blood 
vessels of the fmger is the earliest sign of sympathetic 
activity in the human subject. 3,4,8,n,20 Nijboer and Dorlas 
showed that the photo-plethysmogram recorded from the 
finger is more sensitive to variations of sympathetic ac- 
tivity than that recorded from the pinna. 21 The amplitude 
of the slower respiratory waves is dependent on the in- 
trathoracic pressure and central venous pressure. 3 Par- 
tridge showed that the amplitude (height) of the plethys- 
mographic respiratory waves is inversely related with the 
central venous pressure in patients receiving general 
anaesthesia with positive pressure ventilation. 5 

Sluiter e t  al. 22 developed a peak detector which cal- 
culated the peak-to-peak amplitude of each arterial pulse 
wave and eliminated the slower ventilatory component. 
In our computerized system, algorithms have been de- 
veloped to minimize the effect of ventilatory waves, to 
eliminate other spurious signals, and to calculate the am- 
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FIGURE 4 Changes in photo-plethysmographic amplitude (A -- 
units), systolic blood pressure (S = mmHg), and pulse rate (P = 
beats, min -1) from control values (C); I --- 30-90 seconds after skin 
incision; M = 30-90 seconds after spermatic cord manipulation; * P 
< 0.05 vs S; + vs P (vertical comparisons). (Mann-Whitney rank-sum 
test - two-tailed - with the Bonferroni correction for two comparisons.) 
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H G U R E  5 Photo-plethysmogram of the finger (drawing): PPA -- 
Photo-plethysmographic (arterial wave) amplitude; RWH = respiratory 
wave height. 

plitude of arterial waves. Hertzman reported a good cor- 
relation between PPF and blood flow on the finger 2~ 
and Dorlas and Nijboer found no difference between 
changes in photo-plethysmographic and mercury-in- 
rubber strain-gauge plethysmographic amplitudes of ad- 
jacent fingers during general anaesthesia.3 

Changes in PPF amplitude correspond to changes in 
the blood volume pulsations (AV) and depend on the 
distensibility of the vascular wall (D) as well as on the 
intravascular pulse pressure (AP). This relationship was 
formulated by Burton 23 as AV = D. AP. Usually, the 
effect of autonomic impulses upon distensibility (D) is 
so strong that it completely predominates over the op- 
posite effect of pulse pressure (AP). Decreases in PPF 
amplitude connected with pain and other stressful stimuli 
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are not accompanied by a decrease in pulse pressure (SP). 
Therefore, they have to be attributed to a decrease in 
distensibility (D) due to vasoconstriction of the finger ar- 
terial bed. 3 In other words, sympathetic stimulation is 
usually accompanied by decreased PPF amplitude and 
unchanged or increased pulse pressure. However, when 
digital vasodilatation reaches its maximum, D becomes 
a constant and then AV depends directly on AE We have 
been using PPF since 1974 and have observed this phe- 
nomenon in neonates and small children. During general 
anaesthesia, a simultaneous decrease PPF amplitude and 
systolic blood pressure signifies deep anaesthesia (if the 
possibility of acute and severe hypovolaemia is excluded). 

Why did we discard changes in arterial plethys- 
mographic area while our experimental system allowed 
automatic estimation of this area (Figures 2 and 3)? First, 
because the area beneath the curve of one arterial wave 
represents the product of its mean amplitude by its period 
(1/pulse rate). In other words, changes in arterial plethys- 
mographic area represent changes in arterial plethys- 
mographic amplitude multiplied by changes in 1/pulse 
rate. Consequently, changes in arterial pulse area are 
more or less "amplified" by changes in pulse rate, and 
so exact comparisons between concomitant changes in 
the finger blood flow, pulse rate, and/or systolic blood 
pressure cannot be made. Second, our computerized sys- 
tem measures the area beneath the arterial curve by using 
the "trapezoidal rule'24 and fLXeS the baseline of the curve 
at the zero units level. Consequently, our computerized 
system is probably less accurate when measuring the ar- 
terial pulse area than when computing the arterial wave 
amplitude. However, Sara and Shanks mention that the 
area beneath the curve of the pulse wave multiplied by 
the pulse rate represents the "perfusion index. "7 

It should be realized that PPF, as with any other form 
of monitoring, has limitations, drawbacks and sources 
of error (Table I). The major problem with PPF is that 
the total amount of light detected cannot be calibrated. 
Nevertheless, we can quantify changes in PPF amplitude 
when each patient serves as his/her own control and if 
we standardize the techniques of recording and meas- 
urement summarized in Table I. Dorlas and Nijboer em- 
phasized that the amplitude of the plethysmogram reaches 
its maximum at an optimal application pressure of about 
40 mmHg (5.32 kPa). 3 In order to adjust this application 
pressure we use a small rubber band over the plethys- 
mographic probe (Figure 6). By changing the position 
of the rubber band we can change the application pres- 
sure until the amplitude of the plethysmogram reaches 
its maximum. Johnstone adjusted the application pres- 
sure with a screw. ~ 

Lebowitz 25 reported two cases of thermal injury (one 
resulting in gangrene of the thumb), following the use 

FIGURE 6 The photo-plethysmographic probe of the SpaceLabs 
Monitor~ (Model 90602A) with a rubber band (arrow) to adjust the 
application pressure. 

of PPF in a newborn and a small infant. Thus, in these 
small patients, as well as in people suffering from re- 
strictive flow to the extremities, the risk/benefit of plethys- 
mography (and/or of pulse oximetry) must be weighed 
on an individual basis. Even in normothermic and normo- 
volaemic small patients, the plethysmogram (or pulse ox- 
imeter) transducer should be attached to a different finger 
every hour. If these patients become hypovolaemic with 
arterial hypotension and/or hypothermia (intense periph- 
eral vasoconstriction) PPF (as well as pulse oximetry) 
is better avoided or discontinued. 

Clinical anaesthetists are aware that peritoneal stim- 
ulation elicits a stronger sympathetic response than skin 
incision.~l The present study showed that computerized 
photo-plethysmography of the finger (CPPF) allows 
quantification of the sympathetic response to different sur- 
gical stimuli. Surgical manipulation (traction + dissec- 
tion) of the spermatic cord caused a greater reduction 
in photo-plethysmographic amplitude (37%) than skin in- 
cision (24%). Changes in photo-plethysmographic ampli- 
tude were more pronounced than changes in pulse rate 
and/or in systolic blood pressure (Figure 4). 

Johnstone 9 reported that digital vasoconstriction was 
constantly observed in anxious non-premedicated pa- 
tients (n --- 50) awaiting the induction of anaesthesia 
(mean arterial plethysmographic amplitude = 2.1 mm; 
range = 1-5 mm). On the contrary, non-anxious controls 
(n = 100) presented a mean plethysmographic amplitude 
of 17.1 mm (range = 11-35 mm), and patients premed- 
icated with haloperidol, 5 mg im one hour before in- 
duction of anaesthesia (n ----- 50), had a mean plethys- 
mographic amplitude of 15.6 mm (10-19 mm) when 
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TABLE II Clinical applications of photo-plethysmography of the 
finger, a non-invasive monitor 

Detection and/or evaluation of References 

Changes in pulse rate 3-4 
Systolic blood pressure 5 
Haemodynamic disturbances 3-5 
Electro-mechanical dissociation 6 
Cardiac arrhythmias 7 
Stressful situations (mental effort, apprehension, 

fear, anxiety) 
The effectiveness of sedatives 
Nociceptive stimulation 
Arterial patency (and as an adjunct in the 

Allen's test 13 
Arterial vasospasm 16 17 
Sympathetic blockade and denervation of the 

extremities 
Changes in volaemia and central venous 

pression 3, 5 
Peripheral replants and revascularizations 28 
Steal syndrome following arterio-venous fistulas 

and shunts 29 

8-10, present study 
9-10, present study 
3,8, present study 

14-16, 26-27 

awaiting induction of anaesthesia. Johnstone concluded 
that PPF provides objective evidence of the presence of 
anxiety. 9 Chambiras 1~ reported that diazepam, 2 mg/v, 
caused a rapid onset of vasodilatation, followed by drow- 
siness, slurred speech, and lowering or drooping of the 
eyelids, in 30 patients awaiting dental repair in an ambient 
room temperature of 20-22~ (68-72~ Dorlas and 
Nijboer found that, during anaesthesia, the decrease in 
plethysmographic amplitude always preceded the decrease 
in finger temperature and concluded that the decrease 
in temperature is the result of and not the reason for, 
the vasoconstriction.3 Consequently, it seems reasonable 
to assume that, in the present series, pre-anaesthetic dig- 
ital vasoconstriction and reduced PPF amplitude (often 
<40 units, eventually as low as 5 units) was related to 
apprehension and/or anxiety. Indeed, we verified that, 
in six children who stayed quiet during induction of 
anaesthesia with halothane in 70% N20 by mask, the 
PPF amplitude increased linearly with the alveolar con- 
centrations of halothane. In contradistinction to the 
photo-plethysmographic amplitude, systolic blood pres- 
sure and pulse rate did not always fit the linear regression 
model (Y = a + b X) with increasing alveolar concen- 
trations of halothane. This seems to corroborate the re- 
ports by Johnstone 9 and Chambiras 1~ who recommend 
PPF to evaluate the sympathetic response to anxiety, and 
to study the efficacy of sedatives. Clinical applications 
of PPF are summarized in Table II. 

It is important to recognize that, unfortunately, some 
pulse oximeters display a misleading "plethysmogram." 
When a small pulsating absorbance signal is detected (dig- 

ital vasoconstriction = low AC-to-DC signal ratio), the 
pulse oximeter rapidly amplifies the signal and estimates 
saturation from the ratio of the amplified absorbances.3~ 
If this amplification is transmitted to an oscilloscope and/ 
or to a printer, it becomes impossible to detect changes 
in the PPF amplitude. Computerized PPF is likely to 
become popular if it becomes available as part of pulse 
oximetry. A "new and complete pulse monitor," including 
the advantages of pulse oximetry and computerized PPF, 
with a single plethysmographic probe, could be a useful 
clinical monitor. 

In conclusion, computerized estimations of plethys- 
mographic (arterial waves) amplitude are accurate enough 
for clinical purposes provided that the recommendations 
indicated in Table I are carefully followed. Computerized 
photo-plethysmography of the finger (CPPF) allows 
quantification of the sympathetic response to apprehen- 
sion, fear and/or anxiety, and to different surgical stimuli. 
We feel that it has the potential to be a valuable non- 
invasive tool for monitoring the response of anaesthetized 
patients in a wide variety of clinical situations. We hope 
that manufacturers of anaesthetic monitors will consider 
inclusion of CPPF in pulse oximeters. 
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